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(57) An excellent corrosion resistant member (2) 
of a ceramic heater for semiconductor produc- 
tion apparatuses to be exposed to a halogen 
series corrosive gas is provided. The corrosion 
resistant member (2) uses an aluminum nitride 
sintered body as a substrate. A ceramic heater 
using the corrosion resistive member is also 
disclosed as well as a semiconductor heating 
device using the ceramic heater. 
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The present invention relates to a corrosion-resistant member. 

Heretofore, in the processes of heating semiconductor wafers in semiconductor production apparatuses 
(for example, by PVD, CVD, diffusion, annealing, etc.), there are a sheet-by-sheet heating type system, wherein 
the wafers are treated one by one and a batch type heating system wherein a large number of wafers are treated 

5 simultaneously. As heating devices for the former system, use have been made of metallic heaters consisting 
of a heat-generating resistive body, an insulating material, such as, mica covering the heating body, and a mold- 
ing metal, such as, stainless steel, inconel, monel, etc., molding the insulating material; graphite heaters con- 
sisting of a heat-generating resistive graphite body and boron nitride covering and insulating the graphite body; 
and heaters of an infra-red radiation system utilizing condensation of light beam emanated from halogen a lamp. 

10 As heating devices for the latter system, a means has been adopted of heating a quartz or SiC tube accom- 
modating the, wafers by a surrounding heat-generating resistive body. 

Accompanying the recent increase of memory capacity of super LSI and progressive development of mi- 
croprocessing, processes requiring a chemical reaction have been increased. Particularly, in semiconductor 
production apparatuses necessitating a super clean state, a halogen series corrosive gas, such as, chlorine 

15 series gases, or a fluorine series gas, etc., has been used for a deposition gas, an etching gas or a cleaning 
gas. In the heating systems of heating the wafers in contact with these corrosive gases, e.g. semiconductor 
production apparatuses, such as, thermal CVD devices, etc., a semiconductor-cleaning gas consisting of halo- 
gen series corrosive gas, such as, CIF 3 , NF 4 , CF 4 , HF, or Ha, etc., is used after the deposition stage. In the 
deposition stage also, a halogen series corrosive gas, such as, WF 6 , SiH 2 CI 2 , or monosilane, etc., is used as 

20 a deposition gas. 

Next, cleaning gases nowadays used in thermal CVD devices, etc., are illustrated in the following Table 

1. 



Table 1 



^^--^^Cleaning gas 
Item 


CF 4 


NF 3 


CIF3 


Etching Rate 


slow 


ordinary 


quick 


Requirement for plasma 


yes 


yes 


no 


Reactivity at room 
temperature 


no 


no 


yes 


Object for etching 


Poly-Si 


W 


SiN,TiN,BN 



Among the cleaning gases shown in the above Table 1 , CIF 3 has been found to react with a metal at room 

40 temperature to form a metal fluoride resulting in corrosion of the metal. 

Moreover, corrosion is formed at around 1 20°C or a temperature of not less than 300°C, respectively, when 
stainless steel or inconel is used as the above-mentioned metallic heater, which corrosion forms particles and 
becomes a cause of deficiency of the semiconductor. Also, boron nitride or silicon carbide Is gasified when exp- 
osed to a high temperature cleaning gas, and hence becomes a cause of defect of semiconductors due to in- 

46 fluence of contamination. Also, when a metallic heater is used in a CVD device, etc., the chamber of the CVD 
device becomes a high vacuum of 1 0r* Torr at the maximum, so that an efficient heating of wafers is very difficult 
if a metal of low heat radiation is used and a very long time is required for heating the wafers. Also, a quartz 
tube has a problem of its devitrification resulting in decrease of the strength thereof. 

In order to avoid such problems of corrosion, semiconductor wafers have to be heated to a high temperature 

50 for subjecting a film-forming treatment, etc., and thereafter the heater temperature has to be lowered to not 
more than 300°C or not more than 1 00°C and the above cleaning gas has to be blown to the heater or the like 
high temperature member to clean the same at such a condition that the film which has to be removed reacts 
with the cleaning gas but the high temperature member including the heater do not react with the gas. Therefore, 
a considerably excess time is required for the cycle of elevation and lowering of the temperature and throughput 

55 of the semiconductor at the time of producing the same is decreased. Even when a carbon heater is used for 
the heating, corrosion occurs at a temperature of higher than room temperature by 150°C or more to form a 
powder on the heater surface resulting in formation of particles. 

Furthermore, when a halogen series corrosive gas is used as a deposition gas, deposition is effected at a 
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high temperature of 300-1. 100°C, for example, so that the above problem of corrosion can not be avoided. 

The inventors studied utilization of a silicon nitride sintered body having a high thermal shock resistant prop- 
erty as a substrate of susceptor or ceramic heater for a semiconductor production apparatus. However, upon 
further study we have found out that the silicon nitride sintered body is easily corroded by the cleaning gas or 
5 the etching gas for the semiconductors. 

An object of the present invention is to provide a corrosion-resistant member having a corrosion-resistant 
property to halogen series corrosive gases over a broad range of temperature. 

The present invention relates to a corrosion-resistant member to be exposed to a halogen series corrosive 
gas, which uses an aluminum nitride sintered body as a substrate. 
10 The inventors have made many researches and studies for a corrosion-resistant member having a cor- 

rosion-resistant property to halogen series corrosive gases leading to the present invention to find out that 
aluminum nitride sintered body has exceedingly superior corrosion-resistant property. Though generally cor- 
rosion-resistant ceramics show ion activity to an aqueous acidic or alkaline solution, the present inventors at- 
tentioned not on ton reactivity but on reactivity of the corrosion-resistant member to redox reactions of gaseous 
15 halogen in a dry gas. 

Taken CIF 3 gas, for example, it generates fluorine radicals by thermal decomposition when heated, which 
fluorine radicals have an etching function or a cleaning function on various materials. CIF 3 dissociates according 
to the following formula. 

CIF 3 CIF + F" + r 

20 Though the dissociation of CIF 3 molecule is most vigorous at a temperature of 120-230°C, CIF 3 molecule 

dissociates to a certain extent at room temperature, so that it can be used as a cleaning gas at room tempera- 
ture. The inventors have newfound out that aluminum nitride sintered body is stable at a temperature from room 
to a high temperature of 1,100°C. 

As for NF 3 gas, decomposition of NF 3 molecules by mans of plasma is necessary as shown in Table 1. 

25 Because it accompanies decomposition by means of plasma, it can be used as an etching gas or a cleaning 
gas even at a low temperature of, for example, 30°C, though the etching rate is large at higher temperature. 
The same applies to CF 4 gas. 

The inventors have also found out that aluminum nitride is stable even when it is exposed to NF 3 gas or 
CF 4 gas at a high temperature of, for example, 300-1 ,100°C. 

30 If a corrosion resistant member is placed in a region wherein plasma is generated and F+ and F- radicals 

are generated at room temperature by application of a high frequency voltage, the temperature of the surface 
layer of the corrosion resistant member becomes a state of exceeding 200°C by bombardment of the fluorine 
radicals to the corrosion-resistant member. The inventors have found out that aluminum nitride sintered body 
has also effective corrosion-resistant property as well as heat-resistant property even at this state. 

35 The inventors have ascertained that the corrosion-resistant member of the present invention is also hardly 

corroded, even when it is placed in a dry etcher using NF 3 plasma, etc., and exposed to NF 3 plasma, etc. 

If the present corrosion-resistant member is used for a semiconductor production apparatus, a structural 
part stable to a cleaning gas or an etching gas can be provided and particles and contamination which are the 
causes of defect of semiconductors can be prevented from forming. 

40 By the present corrosion-resistant member, production of highly integrated semiconductors, particularly 

DRAM, or 4M, etc., can be satisfactorily coped with for the first time. 

Moreover, when the corrosion resistant member is expected to be used as a heater for heating semicon- 
ductor wafers, the temperature of the heater needs not be lowered to, for example, not more than 100°C each 
time, at the time of cleaning the heater after formation of the semiconductor wafer films, and the cleaning can 

45 be performed while maintaining the heater temperature to not less than 300°C and not exceeding the film for- 
mation temperature. Therefore, throughput of film formation onto the semiconductor wafers can be remarkably 
increased and the productivity can be noticeably improved. The same advantageous effects can be obtained 
when the corrosive resistant member is used in an electrostatic chuck (which will be later described, refer to 
Fig. 4) wherein it is integrally formed with a susceptor and a heater, respectively for heating a semiconductor 

so wafer. 

Furthermore, if the aluminum nitride sintered body is used as a substrate or a main component of the cor- 
rosion-resistant member which is exposed to a filmforming corrosive gas, such as, WF 6 , etc., at a high tem- 
perature of 300-1, 100°C in a film-forming process, the formation of particles and contamination which are the 
causes of semiconductor defects can be prevented. 
55 Though the aforementioned cleaning gas and etching gas consisting of a halogen series corrosive gas have 

been widely used in chemical industries other than the semiconductor production industry, the present invention 
is effective also to corrosion resistant members in this field. Though halogen series corrosive gases are used 
in CVD devices for producing high temperature materials, oxidation-resistant materials and super hard mate- 
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rials by providing a coating on a surface of a general ceramic by CVD processes, the present invention is also 
effective to such cases. Such fUnvfonming reactions are exemplified as follows. 

TiCU(gas) + ChWgas) TiC + 4HCI 
AICI 3 (gas) + Hd 3 (gas) + 3H 2 (gas) AIB + 6HCI 

5 According to the heating device of the present invention, the ceramic heater heats wafers placed in the 

housing of the heating device directly or via a plate, so that a high heat efficiency can be achieved. Also, the 
ceramic heater consists of the ceramic substrate having a heat-generating resistive body embedded therein, 
so that the contamination as in metallic heaters does not occur at all. 

Moreover, at least one of the electrode members is enclosed by a tubular body and an end of the tubular 

10 body is gastightly joined to the ceramic substrate and the tubular body is also gastightiy sealed from the housing, 
so that if an electrically conductive deposited film is formed on the rear surface of the ceramic heater the de- 
posited film is interrupted by the tubular body to prevent short-circuiting of the electrode member enclosed in 
the tubular body to another electrode member. Moreover, the danger of discharge or leakage of electric current 
between the electrode member enclosed in the tubular body and the housing can be prevented. Furthermore, 

15 the electrode member enclosed in the tubular body is not exposed to the inner space of the housing, so that 
the corrosion of the electrode member and the block-shaped terminals and the resultant corrosion of the hous- 
ing do not occur at all. 

Because the temperature measuring device is enclosed by the tubular body made of an inorganic insulative 
material and an end of the tubular body is joined to the ceramic substrate and the tubular body is gastightiy 
20 sealed from the housing, a mixed contacting and induction of the semiconductor production apparatus can be 
prevented even if a high frequency electric power source or a high voltage electric power source is used for 
the apparatus. Moreover, even if a metal is used for constituting the temperature measuring device, the metal 
is not exposed to the inner space of the housing, so that corrosion of the temperature measuring device and 
accompanying contamination of the housing do not occur. Furthermore, the temperature measuring device is 
25 separated from the interior atmosphere of the housing by the tubular body, so that measuring values measured 
by the temperature measuring device are not adversely influenced by pressure fluctuation even if the pressure 
within the housing is rapidly fluctuated at the time of producing the semiconductors. 

For a better understanding of the present invention, reference is made to accompanying drawings, in which: 
Fig. 1 is a schematic cross-sectional view of a disc-shaped ceramic heater attached to a housing of a CVD 
30 device; 

Fig. 2 is a schematic cross-sectional view of a disc-shaped ceramic heater provided with a wafer-heating 
suscepton 

Fig. 3 is a cross-sectional view along the line Ill-Ill thereof; 

Fig. 4 is a schematic cross-sectional view of an electrostatic chuck integrally formed with a disc-shaped 
35 ceramic heater; 

Fig. 5 is a schematic cross-sectional view of an embodiment of an electrostatic chuck; 

Fig. 6 is a partial enlarged view of a surface of the electrostatic chuck of Fig. 5 for providing a wafer, 

Fig. 7 is a photograph of a sample according to the present invention before the corrosion-resistant test 

taken by a scanning electron microscope (SEM); 
40 Fig. 8 is a photograph of a sample according to the present invention after the corrosion-resistant test taken 

by a scanning electron microscope; 

Fig. 9 is an EDAX chart of an initial state of a sample according to the present invention; 
Fig. 10 is an EDAX chart of a sample according to the present invention after the corrosion test; 
Fig. 1 1 is a photograph of a sample of a comparative example before the corrosion test taken by a scanning 
45 electron microscope; 

Fig. 12 is a photograph of a sample of a comparative example after the corrosion test taken by a scanning 
electron microscope; 

Fig. 13 is an EDAX chart of an initial state of a sample of a comparative example; 
Fig. 14 is an EDAX chart of a sample of a comparative example after the corrosion test; 
so Fig. 1 5 is an X-ray diffraction chart of a sample according to the present invention before and after the cor- 

rosion test; 

Fig. 16 is an EDAX chart of a sample according to the present invention after the corrosion test; 
Fig. 17 is a photograph of a surface state of a sample of a comparative example after exposure to NF 3 
plasma taken by a scanning electron microscope; 
55 Fig. 18 is a photograph of a surface state of a sample according to the present invention after exposure to 

NF 3 plasma taken by a scanning electron microscope; 

Fig. 19 is a cross-sectional view of a ceramic substrate 4 showing a state of having a block-shaped terminal 
31 embedded therein and corresponds to a cross-section of Fig. 21 taken along the line XIX-XIX; 



4 



EP 0 506 391 A1 

Fig. 20 is a cross-sectional view of a ceramic substrate 4 showing a state of having a block-shaped terminal 
31 embedded therein and corresponds to a cross-section of Fig. 21 taken along the line XX-XX; 
Fig. 21 is a bottom view of a block-shaped terminal 31 before it is caulked and press contacted; 
Fig. 22 is a cross-sectional view of a block-shaped terminal 31 before it is caulked and press contacted; 
5 Fig. 23 is a broken perspective view of a ceramic substrate 4 having a block-shaped terminal 31 embedded 

therein; 

Fig. 24 is a schematic cross-sectional view of a ceramic heater 2 attached to a housing of a thermal CVD 
device; 

Fig. 25 is a cross-sectional view of a ceramic substrate 4 having a block-shaped terminal 31 embedded 
10 therein and a crack 39 formed therein; 

Fig. 26 is a plan view of a ceramic substrate having a block-shaped terminal 31 embedded therein and a 
crack 39 formed at the rear side 37 thereof; 

Fig. 27 is a schematic cross-sectional view of a semiconductor wafer heating device developed by the pre- 
sent inventors attached to a housing thereof; 
is Fig. 28 is a schematic cross-sectional view of a semiconductor wafer heating device of an embodiment of 

the present invention attached to a housing thereof; 
Fig. 29 is an enlarged cross-sectional view of a main portion of Fig. 28; 

Fig. 30 is a schematic cross-sectional view of a semiconductor wafer heating device of an another embo- 
diment of the present invention attached to a housing thereof; 
20 Fig. 31 is a schematic cross-sectional view of a semiconductor wafer heating device of a further embodi- 

ment of the present invention attached to a housing thereof; 

Fig. 32 is an enlarged cross-sectional view of the heating device of Fig. 31 showing a cylindrical body 50 
and a neighboring portion thereof; 

Fig. 33 is a schematic cross-sectional view of a semiconductor wafer heating device of a still further embo- 
25 diment of the present invention attached to a housing thereof; and 

Fig. 34 is a cross-sectional view of a ceramic substrate 4 showing a state of immediately before connected 
to a cylindrical body 50C. 





Numberings in the drawings 




1 


housing 


30 


1a 


gas inlet hole 




1b 


gas suction hole 




2.2A 


ceramic heater 




3 


wafer heating surface 




4.4A 


substrate 


35 


4a 


extended portion of heater 2A 




5 


heat-generating resistive body 




5a 


end portion of body 5 




6 


electrode terminal 




7 


electric power supply cable 


40 


8.8B 


inner case 




8A 


case retainer 




8a 


supporting portion 




9 


hollow sheath 




10 


thermocouple 


45 


11 


water-cooled jacket 




12 


O-ring 




13 


flange of housing 1 




14 


flange portion 




14a 


penetration hole 


50 


15 


top plate or ceiling plate 




16A.16B 


heat insulative ring 




17 


intervening pin 




18 
18a 


susceptor 


55 


19 


recess 

wafer mounting surface 




20 


electrode member 




21 


dielectric layer 




21a 


wafer mounting surface 



5 



BP 0 506 391 A1 





22 


substrate 




22a,22b 


main surface of substrate 22 




23 


inner electrode 




24 


electrode terminal 


5 


25A 


electric power supply cable 




26 


recess 




27.29 


power source 




28 


protrusion 




30 


electric power supply cable 


10 


31 


block-shaped terminal 




31a 


columnar body 




31b 


press contacted portion 




32 


space 




34 


female thread 


15 


35 


exposed end surface of terminal 31 




36 


terminal 




36a 


male thread of terminal 36 




37 


rear side 




38 


press contacted surface 


20 


39 


crack 




41A.41B 


block-shaped terminal 




42A.42B 


electrode member 




43 


lead wire 




44 


ring 


25 


45 


heat insulator ring 




46 


case 




47 


deposition film 




48 


alternating current power source 




50A.50B.50C 


cylindrical body 


30 


51 


flange portion 




53,54 


coil 




55 


insulated transformer 




56 


insertion hole 




57A.57B.57C 


jig 


35 


58 


weight 




60 


tape 



Hereinafter, the present invention will be explained in more detail with reference to examples. 
Example 1 

40 

At first, an embodiment of the present . invention applied to a disc-shaped ceramic heater will be explained 
in this example. 

Referring to Fig. 1, a state of a ceramic heater is shown which is attached to a sheet-by-sheet type thermal 
CVD system in a cross-sectional view, wherein reference numeral 1 is a housing used for the thermal CVD for 
45 producing semiconductors, reference numeral 2 is a disc-shaped ceramic heater for heating wafers attached 
to a case 8 interior of the housing 1, and reference numeral 3 is a wafer-heating surface having a size of, for 
example, 4-8 inch capable of providing wafers thereon. 

The housing 1 is supplied therein with a gas for thermal CVD through a gas inlet hole 1 a and the inner air 
was exited through a suction hole 1 b by a vacuum pump. The disc-shaped ceramic heater 2 consists of a sub- 
so strata 4 made of a dense and gastight aluminum nitride having a tungsten series or the like heat-generating 
resistive body 5 spirally embedded therein. The disc-shaped ceramic heater 2 has electric power supply cables 
7 at the center and an end portion which can supply an electric power from the exterior to the ceramic heater 
2 to heat the same to a temperature of, e.g., around 1 , 1 00°C at the maximum. Reference numeral 1 3 is a flange 
with a water-cooled jacket 1 1 covering the upper surface of the case 8, and sealed from the side wall of the 
56 housing 1 by an O-ring 12 to form a ceiling of the housing 1. Reference 9 is a hollow sheath inserted to the 
interior of the housing 1 through the wall of the flange 1 3 of the housing 1 and connected to the ceramic heater 
2. The hollow sheath 9 has in its interior a thermocouple 10 having a stainless steel sheath inserted therein. 
Between the hollow sheath 9 and the flange 13 of the housing 1 is provided an O-ring to prevent invasion of 
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air therein. The heat-generating resistive body 5 has at the both ends electrode terminals 6 which are connected 
to the electric power supply cables 7. 

When using an aluminum nitride sintered body as a substrate of a disc-shaped ceramic heater in this way, 
a sintering aid is preferably added in order to improve homogeneous heating of the semiconductor wafers. In 

5 such a case, addition of an alkaline metal, an alkaline earth metal or a heavy metal should preferably be avoided 
as far as possible in order to minimize contamination of the semiconductors. Concretely explaining, Ai 2 0 3 , Si, 
and C, etc., are nowadays already used in semiconductor production apparatuses and are not elements causing 
a trouble. However, these elements have a drawback in that they decrease heat conductivity of the semicon- 
ductor wafers, so that oxides of rare earth element, Ni compounds, fluorides of rare earth element and fluorides 

10 are preferable, and Y2O3 and YD2O3 and AIF 3 are particularly preferable as sintering aids. 

Example 2 

Next, an embodiment of the present invention applied to a susceptor for heating wafers provided on a ne- 
ts at-generating surface of a disc-shaped ceramic heater will be explained in this example. 

Referring to Fig. 2, a state of a disc-shaped ceramic heater having a susceptor for heating the wafers is 
shown in a cross-sectional view which is attached to a flange portion of a thermal CVD device, and Fig. 3 is a 
cross-sectional view thereof taken along the line Ill-Ill. 

A flange portion 14 is attached to a housing (not shown) of a thermal CVD device for producing semicon- 
20 ductors to constitute a ceiling of the housing. The flange portion 14 and the housing not shown are gastightiy 
sealed from each other by means of an O-ring inserted therebetween. The flange portion 14 has a detachable 
top plate 15 attached thereto on the upper side thereof covering a round penetration hole 14a of the flange 
portion 14, and a cold water jacket 11 attached thereto. 

The flange portion 14 has at its lower side a ring-shaped case retainer 8A made of graphite, etc., fixed there- 
25 to via a heat insuiative ring 16A. The case retainer 8A and the flange portion 14 are not directly contacted with 
each other and have a little gap therebetween. The case retainer 8A has at its lower surface a substantially 
ring-shaped case 8B made of graphite, eta, fixed thereto via a heat insuiative ring 16B. The case 8B and the 
case retainer 8A are not directly contacted with each other and have a little gap therebetween. 

A disc-shaped substrate 4A made of a dense ceramic has in its interior a heat-generating resistive body 
30 5 spirally embedded therein to constitute a disc-shaped ceramic heater 2A. The heat-generating resistive body 
5 is connected at its both ends to an electrode terminal 6, respectively. The electrode terminals 6 are embedded 
in the disc-shaped substrate 4A so as to expose their surfaces on the rear side of the disc-shaped substrate 
4A. The pair of electrode terminal 6 is respectively connected to a rod-shaped electrode member 20 and an 
end of the electrode member 20 is respectively connected to a lead wire. 
35 A hollow sheath 9 made of molybdenum, etc., has a thermocouple 10 with a stainless steel sheath embed- 

ded therein and a narrow end of the hollow sheath 9 is connected to a rear side of the disc-shaped substrate 
4A. The hollow sheath 9 and a pair of electrode member 20 penetrate respectively a ceiling plate 15 of the 
housing to protrude the end thereof to the exterior of the housing. The pair of electrode member 20 and the 
hollow sheath 9 are gastightiy sealed by an O-ring from the ceiling plate 15. 
40 The disc-shaped ceramic heater 2A has at its rear circumferential side a ring-shaped extended portion 4a, 

and the case 8B has at its lower inner circumferential side a ring-shaped extended supporting portion 8a. The 
disc-shaped ceramic heater 2A and the case 8B are disposed with a certain gap therebetween so as not to 
contact with each other. Columnar intervening pins 17, for example 4 in number, are interposed between the 
inner circumferential side of the case 8B and the circumferential side of the ceramic heater 2A, and an end of 
45 the intervening pins 17 is fixed on the supporting portion 8a by threading, joining, fitting or mating, etc., and 
the other end of the pins 1 7 mounts thereon the extended portion 4a thereby to heat insulate and fix the ceramic 
heater 2A. 

A disc-shaped susceptor 18 for heating semiconductor wafers is fixed on the lower side of the case 8B 
and a heat-generating surface 3 of the disc-shaped ceramic heater 2A so as to intimately contact therewith. 
so The wafer heating susceptor 1 8 has a wafer mounting surface 1 9 at the lower side for heating the wafers. The 
wafer mounting surface has at its lower side a recess 18a formed in a similar shape to the plane shape of the 
semiconductor wafer. 

In this embodiment, the aforementioned functions and effects of the present invention can be attained by 
constituting at least the susceptor 1 8 for heating the wafers from an aluminum nitride sintered body. In this case, 
55 a cleaning gas, such as, CIF 3 or NF 3 , etc., impinges upon the wafer-heating susceptor 18 and does not directly 
impinge upon the heating surface of the ceramic heater 2A, so that the disc-shaped substrate 4A can be made 
of a dense and gastight ceramic other than aluminum nitride. In this case, the disc-shaped substrate 4 is pref- 
erably made of a silicon nitride sintered having a high thermal shock resistant property. 
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Example 3 

A wafer heating susceptor of an infra-red radiation heating system can be made of an aluminum nitride 
sintered body in the same fashion as described in Example 2. In this heating system, an infra-red radiation lamp 
5 is arranged at outside of the housing of the thermal CVD device and an infra-red radiation permeating window 
is provided on the outer wall of the housing and an infra-red radiation is emitted and impinged upon the wafer 
heating susceptor through the window to heat semiconductor wafers placed on the surface of the susceptor. 

Example 4 

10 

Next, an embodiment of the present invention applied to an electrostatic chuck integrally formed with a 
ceramic heater for adsorbing and heating semiconductor wafers will be explained in this example. The electro- 
static chuck having the heater was separately developed by the inventors and is schematically shown inacross- 
sectional view in Fig. 4. 

15 A disc-shaped substrate 22 has in its interior a heat-generating resistive body 5 embedded therein in a 

form of, e.g., spirally wound form. The heat-generating body 5 has at its both ends an electrode terminal 6 re- 
spectively connected and fixed thereto, and an end surface of the electrode terminal 6 is respectively connected 
to an electric power supply cable 30. A pair of electric power supply cable 30 is respectively connected to a 
heater electric power source 29 and can heat the heat-generating resistive body 5 by operating a not-shown 

20 switch. The disc-shaped substrate 22 has opposing main surfaces 22a and 22b. The expression "main sur- 
faces" used herein means surfaces which are relatively broader than the other surfaces. 

The disc-shaped substrate 22 has a film-shaped inner electrode 23 of a shape of, e.g., round shape formed 
along the one main surface 22a. The one main surface 22a has a dielectric layer 21 integrally formed thereon 
so as to cover the film-shaped inner electrode 23. By this arrangement, the film-shaped inner electrode 23 is 

25 accommodated between the disc-shaped substrate 22 and the dielectric layer 21 . If the film-shaped inner elec- 
trode 23 has a perforated shape like a punching metal, it can exhibit an improved coherent property to the sub- 
strate 22 of the dielectric layer 21. The disc-shaped substrate 22 has in its interior an electrode terminal 24 
embedded therein, and an end of the electrode terminal 24 is connected to the film-shaped inner electrode 23 
and the other end of the electrode terminal 24 is connected to an electric power supply cable 25A. The electric 

30 power supply cable 25A is connected to the positive electrode of an electric power source 27 of the electrostatic 
chuck, and the negative electrode of the power source 27 is connected to an earth line 25B. 

When heat treating a wafer W, the wafer W is placed on a wafer-mounting surface 21a of the dielectric 
layer 21 and the earth line 25B is contacted with the wafer W. The film-shaped inner electrode 23 is accumulated 
with a positive charge to polarize the dielectric layer 21 so as to accumulate a positive charge on the wafer- 

35 mounting surface 21a of the dielectric layer 21. Simultaneously, the wafer W is accumulated with a negative 
charge, so that the wafer W is adsorbed on the wafer-mounting surface 21a by Coulomb's attractive force be- 
tween the dielectric layer 21 and the wafer W. Simultaneously, the heat-generating resistive body 5 is activated 
to heat the wafer-mounting surface 21a to a desired temperature. 

According to such an electrostatic chuck equipped with a heater, the wafer W can be heated by heating 

40 the wafer-mounting surface 21a, while simultaneously adsorbing and attracting the wafer W on the wafer- 
mounting surface 21a by Coulomb's attracting force. Therefore, particularly in a high or medium vacuum, the 
wafer W can quickly follow the heater temperature over the entire surface of the wafer W to enable uniform 
heating thereof by minimizing the gap between the wafer W and the wafer-mounting surface 21a. Moreover, 
in such a case, a time required for stabilizing a requisite wafer heating temperature after placing the wafer on 

45 the wafer-mounting surface 21a can be minimized, so that production efficiency and throughput of the semi- 
conductor can be improved. 

Moreover, by constituting both the dielectric layer 21 and the disc-shaped substrate 22 from aluminum nit- 
ride sintered bodies, the corrosion of the electrostatic chuck can be prevented as described above, even when 
it is exposed to a cleaning gas under a heat-generating state of the heat-generating resistive body 5. 

50 

Example S 

Next, an embodiment of the present invention applied to a so-called electrostatic chuck which pertains a 
semiconductor wafer in the interior of a thermal CVD device, etc.. will be explained in this example. 
55 Referring to Fig. 5, an embodiment of an electrostatic chuck is shown in a schematic cross-sectional view. 

An electrostatic chuck was constructed in the same fashion as in Example 4. 

Then, a semiconductor wafer W is placed and adhered on a wafer-mounting surface of the dielectric layer 
21 of the electrostatic chuck. 



8 



EP 0 506 391 A1 



The wafer-mounting surface is shown in Fig. 5 and in a partially enlarged plan view in Fig. 6. Protrusions 
28 of a substantially square shape in plan view are formed on the wafer-mounting surface in horizontal and 
lateral directions at a determined spacing in a lattice-like fashion and recesses 26 are formed in the regions 
between the protrusions 28. By the provision of the recesses 26, a residual adsorbing power of the wafer-mount- 
5 ing surface remaining after deactuation of the electrostatic chuck can be decreased and a response property 
of the wafer-mounting surface at the time of elevating the temperature of the semiconductor wafer W can be 
increased. 

According to the present invention, a pusher pin for fixing the semiconductor wafer, a hollow sheath tube 
for accommodating a thermocouple therein, a gas-supply nozzle and a gas exit port for semiconductors in a 
10 CVD or PVD device, and the inner wall of the housing (chamber) of a CVD or PVD device can be respectively 
made of an aluminum nitride sintered body. 

Example 6 

15 Next, experimental results will be explained concretely in this example. 

Each sample as shown in the following Table 2 was respectively sealed in a reaction vessel and air-purged 
from 760 Torr to 5x1 (H Torr. Subsequently, substitution the air by N 2 gas was effected three times at a pressure 
of between 5x1 Or 1 Torr and 500 Torr, and then CIF 3 gas was introduced to elevate the reaction vessel pressure 
from 5x1 0- 1 Torr to 200 Torr. The gas consisted of 100% of CIF 3 and introduced in the vessel at a rate of 100 

20 SCCM. Subsequently, CtF 3 gas purge was effected to lower the reaction vessel pressure from 200 Torr to 5x1 0~ 1 
Torr, and N 2 gas substitution was effected three times at a pressure of between 5x1 0~ 1 Torr and 500 Torr. There- 
after, the sample was taken out from the reaction vessel. 

Temperature in the reaction vessel was 241 °C for Run 1, 437°C for Run 2, and 591 °C for Run 3. Each 
sample before and after the reaction was weighed and change of the surface state of the samples after exposure 

25 to the CIF 3 gas was observed by naked eye, SEM and EDAX. Weight change ratio was calculated from the 
following formula: 

(Weight after reaction - Weight before reaction) x 1Q0 
Weight before reaction 
The results are shown in the following Table 2. 

30 



35 



40 



45 



50 



55 



9 



EP 0 506 391 A1 



5 







EDAX 




1 


i 


o 


X 


X 


O 


X 


X 


O 


O 


O 


X 


X 


X 


i 




i 






10 




s 

CO 


O 


< 


< 


o 


X 


* 

X 


O 


X 


X 


o 


O 


• 

o 


X 


X 


X 


X 


X 


X 


o 


O 




o> 

4J 

at 




o 


O 




o 


X 


X 


o 


X 


X 


o 


O 


o 


X 


X 


X 


O 


< 


X 


o 


O 


15 

20 


Surface st; 


Naked eye 


No change 


Changed white 


Changed white or 
brown 


No change 


Portionally powder 


Mostly powder 


No change 


Portionally powder 


Mostly powder 


No change 


No change 


No change 


Changed white 


Changed white 


Portionally povder 
changed white 


No change 


Portionally powder 


Portionally povder 


No change 


No change 


25 


Etching 


M 


1530 


21700 


352000 


1483 


469000 


5890000 


1797 


275000 


3200000 


o 


o 


cn 

ID 


44700 


2150000 


3100000 


Weight 
increased 


Weight 
increased 


613000 


Weight 
increased 


Weight 
increased 


30 „ 


Weight 
chanae 


'.2- 

*-* <sp 

CO 

u 


-0.02 


-3.68 


CO 

i 


CM 

o 

o 
1 


-6.25 


«H 

r- 

00 

i 


-0.03 


-3.99 


10 
rH 

\o 

1 


0.00 


0.00 


TO'O 


<x> 
o 

o 

1 


OI 
CM 

OI 
CM 
1 


vo 
Ot 

rH 

1 


m 
o 

o 


3.27 


OI 
rH 

•H 
1 


0.01 


rH 

o 
o 


Table 


9 


I sure 
(Torr) 




c 
c 
r 


> 
> 

4 


o 
o 

CM 


o 
o 

CM 


e 
o 

CM 


o 
o 

CMJ 


. o 
o 

CM 


o 
o 

CM 


35 


Time 


u 




rH 


rH 


rH 


rH 


rH 


fH 


40 


Temper- 
ature 


CM 


m 
<r 


cn 
in 


IN 


cn 
*r 


cn 
in 


CM 


cn 


in 


MP 

CM 


cn 


cn 
in 


MT 

CM 


cn 


OI 

in 


CM 


cn 

T 


OI 

m 


rH 

OI 

in 




C1P3 
concen- 
tration 


O 

o 

rH 


OOT 


O 

■o 

rH 


O 

o 

rH 


OOT 


OOT 


OOT 


45 


Sample 

HO. 


«M 
1 


CM 

1 


cn 

i 


rH 


CM 


cn 
i 


rH 


CM 
1 


cn 
i 


rH 

1 


CM 

1 


cn 
i 


I 


CMJ 
1 

in 


cn 
i 

in 


rH 
1 

10 


CM 
1 

ID 


m 

CD 


rH 

1 




CM 

r- 


50 


Sample 


u 

CO 

m 
O 

CM 
rH 
-< 


u 

«H 

CO 

1 

es 


o 

CO 

1 


Aluminum 


nitride 


sintered body 




Sialon 


O 
+ 

rH 
< 
+ 
>• 
+ 

sT 

CM 
r« 

CO 


Carbon 


m 
O 

CM 
rH 
< 








rH 


CN 


cn 


rH 


CMJ 


m 


rH 


CM 


«n 


rH 


CM 


m 


rH 


CM 


cn 


rH 


CM 


cn 




r 


n 


55 


3 O 
OS X 


Run 


Run 


Run 


c 

3 

oc 


Run 


Run 


Run 


|Run 


Run 


[Run 


Run 


Run 


[Run 


Run 


Run 


Run 


Run 


Run 




Run 



10 



EP 0 506 391 A1 



As seen from the results of the above Table 2, aluminum nitride sintered body has a surprisingly high cor- 
rosion resistant property to the corrosive QF 3 gas and no particle was formed which is a cause of the defects 
of the semiconductor. In this respect, aluminum nitride sintered body is exceedingly effective as a substrate of 
a high temperature member for semiconductor production apparatuses. 
5 Among the results of the corrosion resistance tests of a-SiC and aluminum nitride sintered body, the results 

of SEM photograph and EDAX are particularly shown in Figs. 7-14 wherein Sample Nos. 2-3 and 4-3 are used 
as typical examples. 

SEM photograph of Sample No. 4-3 before and after (*2 of Table 2) the corrosion test is shown in Figs. 7 
and 8. AIN grains in Fig. 8 had a more round shape than those in Fig. 7 and had a reaction product on the 

10 surface. The reaction product was identified as aluminum trifluoride by the results of the later described 
analysis. It is considered that the aluminum trifluoride formed on the surface of AIN grains functions as a barrier 
to prevent a further progress of the corrosion. These are novel findings found out by the inventors and micro- 
structurally show the corrosion-resistant function of aluminum nitride to a halogen series corrosive gas. 

An EDAX chart of an initial state of Sample No. 4-3 is shown in Fig. 9, and an EDAX chart of the Sample 

15 No. 4-3 after the corrosion test is shown in Fig. 10. It can be seen that no-significant difference occurred. 

A SEM photograph of Sample No. 3-2 before the corrosion test is shown in Fig. 1 1 wherein a smooth surface 
state of very few undulations can be seen well. A SEM photograph of the same sample after the corrosion test 
(*1 of Table 2) is shown in Fig. 12. It can be seen that SiC perse was thoroughly corroded by CIF 3 and evapo- 
rated to assume a porous micros tructure by the corrosion test 

20 An EDAX chart of Sample No. 2-3 of an initial state is shown in Fig. 1 5, and an EDAX chart of Sample No. 

2-4 after the corrosion test is shown in Fig. 1 4. It can be seen that the peak of silicon was noticeably decreased 
showing the progress of the corrosion. 

An X-ray diffraction chart of Sample No. 4-3 is shown in Fig. 15 wherein the ordinate represents strength 
of peak and the abscissa represents diffraction angle (28). In Fig. 1 5, chart X is an X-ray diffraction chart of an 

25 initial state of Sample No. 4-3 before the corrosion test, chart Y is an X-ray diffraction chart of the same sample 
after the corrosion test A peak Z1 at a diffraction angle 20 of around 33°, a peak 22 at a diffraction angle 20 
of around 36°, a peak Z3 at a diffraction angle 20 of around 38°, are peaks of AIN (hexagonal). Generally, AIF 3 
has been known to have a diffraction angle 20 at 25.3°. By comparing the diffraction charts X and Y before and 
after the corrosion test with each other, a peak of AIF 3 is clearly seen at 25.3° in the diffraction chart Y after 

30 the corrosion test 

An EPMA chart of Sample No. 4-3 after the corrosion test is shown in Fig. 16, wherein the ordinate repre- 
sents strength of peak and the abscissa represents wavelength. Detection point of F(Ka) is at a wavelength of 
1 8.32 A. From the result of the EPMA analysis, the presence of F peak was detected which of course supports 
the presence of the aforementioned AJF 3 compound. 

35 

Example 7 

Experiments as to corrosion-resistant metals, etc., will be explained in this example. 
As materials exhibiting an effect of highly corrosion-resistant property, there are nickel, monel, stainless 
40 steel, and aluminum, etc., among metals. However, their use is restricted to around 300°C at the maximum, 
and they required a considerably long time in elevating their temperature as described above, if they are used 
as a heater for heating semiconductor wafers. If a ceramic is to be used as such a highly corrosion resistant 
material, alumina exhibited a good corrosion resistant property in a same mechanism with the aluminum nitride 
sintered body, however, it was not suited to high temperature members, such as, heater, etc., for the sake of 
45 a low thermal shock resistant property and a low heat conductivity. 

Example 8 

Film forming experiment of WSl* will be explained in this example. 

so When forming a film of WSi x , WF 6 and SiH 2 CI 2 are used as deposition gases. In this case, CI in the SiH 2 CI 2 

gas causes etching of various members in the deposition operation. In cleaning operation after the formation 
of film, NF 3 plasma is used as a cleaning gas, and F in NF 3 causes etching of various members by radical reac- 
tions. However, if a corrosion resistant member produced from aluminum nitride sintered body is used for form- 
ing a film of WSi x on an Si wafer, particles and contamination did not form at all which cause defects of 

55 semiconductors. 
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Example 9 

Evaluation of corrosion-resistant property to NF 3 gas will be explained in this example. 

Samples A, B, C, D and E as shown in the following Table 3 were prepared and exposed to plasma of NF 3 

5 gas to perform corrosion resistant tests. 

Sample A was a flat plate of silicon nitride sintered body of a length of 10 mm, a width of 10 mm and a 
thickness of 2 mm. Sample B was a disc of silicon nitride sintered body of a diameter of 50 mm and a thickness 
of 1 mm. Samples C and D were aluminum nitride using ytterbium oxide as a sintering aid. Sample E was alumi- 
num nitride using yttria as a sintering aid. Sample C was a flat plate of a shape of a length of 10 mm, a width 

10 of 10 mm, and a thickness of 2 mm. Samples D and E were flat plates of a shape of a length of 10 mm, a width 
of 10 mm, and a thickness of 1 mm. A gas of a kind as shown in Table 3 was flowed at a flow rate as shown 
in Table 3, and a high frequency power was applied to form a plasma state to etch respective samples for 15 
or 60 min. Temperature condition was room for Samples A, B, D and E, and temperature was decreased from 
680°C to 220°C for Sample C. 

is The samples A, B, D and E were measured on weight change and etching rate before and after the exper- 

iment. Surface states of the samples after the etching treatment were measured by naked eye, EDAX and X-ray 
diffraction. The results are shown in Table 3. A photograph of the surface of Samples A and E taken by a scan- 
ning electron microscope is respectively shown in Figs. 17 and 18. 
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As seen from the above Table 3, the samples A and B which are outside the scope of the present invention 
show a large weight change and a large etching rate and formation of particles on the surface. Also, a peak of 
silicon decreased noticeably in an EDAX chart, showing the progress of the corrosion. A photograph of the 
Sample A taken by SEM showed corrosion of Si 3 N 4 per se. 
5 The samples C, D and E which are within the scope of the present invention did not show corrosion thereof. 

No change was seen in EDAX chart before and after the experiment The sample E was seen as if it has a 
, fluoride of aluminum formed on the surface from a photograph taken by SEM. 

As described above, according to the present invention, corrosion-resistant ceramic members having an 
exceedingly high corrosion resistant property over a broad temperature range can be provided by using an 
10 aluminum nitride sinterebody as a substrate of a corrosion-resistant member which is to be exposed to a halo- 
gen series corrosive gas. 

Example 10 

15 A preferred embodiment of a ceramic heater will be explained in this example. 

At first, the whole structure of the ceramic heater according to this embodiment will be explained. 
Referring to Fig. 24, a state of the ceramic heater attached to a thermal CVD device is shown in cross- 
sectional view wherein reference numeral 1 is a housing used in CVD for producing semiconductors, reference 
numeral 2 is a disc-shaped ceramic heater for heating wafers attached to an inner case 8 of the housing or 
20 chamber 1, and a wafer heating surface 16 has an adjustable size of 4-8 inches capable of placing a wafer 
thereon. 

The housing 1 is supplied therein with a gas for thermal CVD through a gas supply hole 1a and evacuated 
from a suction hole 1b by a vacuum pump. The disc-shaped ceramic heater 2 is made of a dense and gastight 
disc-shaped ceramic substrate 4 having a heat-generating resistive body 5 spirally embedded therein. 
25 Reference numeral 1 3 is a flange having a water-cooled jacket 1 1 and covering the upper surface of a case 

8. The flange 13 is sealed from the side wall of the housing 1 by an O-ring 12 thereby to constitute the ceiling 
plate of the housing 1. Reference numeral 9 is a hollow sheath penetrated through the wall of the flange 13 of 
the housing 1 into the interior of the housing 1 and connected to the ceramic heater 2. The hollow sheath 9 
has in its interior a thermocouple 10 with a stainless sheath inserted therein. Between the hollow sheath 9 and 
30 the flange 13 of the housing 1 an Owing is provided to prevent invasion of air. 

The heat-generating resistive body 5 is connected at its ends to block-shaped terminals 31 which are con- 
nected to terminals 36 (in a later described fashion) provided at the ends of an electric power supply cable 7. 
An electric power is supplied to the heat-generating body 5 through the cable 7 from the exterior to heat the 
disc-shaped ceramic heater 2 to a temperature of, e.g., 1 ,100°C at the maximum. 

35 

Example 1 1 

Next, structure of the block-shaped terminal 31 will be explained with reference to Figs. 19-23. 

In this embodiment, the block-shaped terminal 31 and the heat-generating resistive body 5 were connected 
40 or press contacted to each other by a so-called caulking. 

At first, block-shaped terminals 31 as shown in Figs. 21 and 22 were prepared which were made of a high 
melting point metal and consisted of a columnar body 31a and a cylindrical press contacted portion 31b. 

The end portions 5a of the heat-generating resistive body 5 were inserted in the space 32 of the cylindrical 
press contacted portion 31b and then an external pressure was applied to the cylindrical press contacted portion 
45 31b to deform the same into a shape as shown by the one dot line so as to fix the end portions 5a of the he- 
at-generating resistive body 5. In the caulking process, the block-shaped terminals 31 were preferably heated 
to a high temperature of at least 800°C under a reducing gas atmosphere. 

Then, the block-shaped terminals 31 were embedded in a press formed ceramic body which was then fired 
to produce the ceramic substrate 4. The rear side 37 of the substrate 4 was processed by grinding to expose 
50 the end surfaces 35 of the block-shaped terminals 31 . The block-shaped terminals 31 were threaded to provide 
with a female thread 34. Alternatively, the female thread 34 may be provided on the terminals 31 before embed- 
ding them in the press formed ceramic body. 

At this stage, when viewed Fig. 21 along the line XIX-XIX, the press contacted portion 31 b was in a flatly 
crushed state as shown in Fig. 19, and when viewed Fig. 21 along the line XX-XX, the press contacted portion 
55 31b was in a broadened state as shown in Fig. 20. The end portions 5a of the heat-generating resistive body 
5 and the press contacted portion 31b were jointed by a so-called caulking structure. The female threads 34 
were threadedly engaged with male threads 36a of the terminal 36 of the electric power supply cable 7. 

According to the present invention, the block-shaped terminals 31 were made of a high melting point metal 
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having a coefficient of thermal expansion (referred a "CTE", hereinafter) larger than CTE of the ceramic sub- 
strate 4. 

As a material for the ceramic substrate 4, an aluminum nitride sintered body was used. 
CTE of aluminum nitride and high melting point metals usable as the block-shaped terminal 31 and the 
5 heat-generating resistive body 5 are shown below. 





Tungsten 




10 


Molybdenum 


5.20 xKWC 




Niobium 


7.31 x lO-e^C 




Tantalum 


6.5x10^/°C 


15 


Rhenium 


6.70x10-e/°C 




Rhodium 


8.30xia*/°C 


20 


Iridium 


6.8x10^V°C 




Osmium 


4.6x10-e/°C 




Aluminum nitride 


4.50x1fr*/°C 



25 



According to the ceramic heater of the example, the prior problems of the contamination as in metallic hea- 
ters and deterioration of heat efficiency as in indirect heating systems can be solved. 

In heaters, etc., made of silicon nitride for glow plugs as disclosed in Japanese Utility Model Publication 

30 No. 60-30,61 1 , the electrode portion is disposed in air of not more than 500°C and the terminals of heat-generat- 
ing resistive wire are joined to the cables of the electrodes by a silver solder to electrically connect them to 
each other. Thus, though the heating portion was high in temperature, the electrode portion of the heater could 
be disposed at outside of the housing which was low in temperature. 

However, the same effect as described above can be achieved in ceramic heaters having a heat-generating 

35 resistive body therein as in this example, because a heat-generating resistive body has to be put press formed 
and fired in a ceramic powder and hence a simple shape, such as, disc or plate, etc., of the press-formed body 
has to be chosen for the press forming as in this example. Moreover, the fired body after the firing has a fired 
layer of modified composition which is called "black skin" which has to be removed by processing. In such a 
case, a grinding work by a diamond grinding stone is necessary, and the grinding cost is increased if the fired 

40 press-formed body has a complicated configuration. Thus, the ceramic heaters having a heat-generating resi- 
stive body embedded therein should be produced into a simple shape, such as, disc, or plate, etc, as in this 
example, from the viewpoint of difficulty of the production. By accommodating the whole of the ceramic heater 
in the housing 1 of the thermal CVD device due to the above reason, the electrode portion of the ceramic heater 
is also accommodated in the housing 1. 

45 Usually, various corrosive gases are used in semiconductor production apparatuses, therefore, a corrosive 

gas invades unavoidably behind the rear side 37 of the heater. Also, the connecting portion between the block- 
shaped terminal 31 and the terminal 36 is repeatedly exposed to elevation and lowering of the temperature. In 
such a severe condition, the joining portions are rapidly deteriorated if a usual soldering is used for the joining. 
Nevertheless, regarding this point, the columnar block-shaped terminal 31 and the columnar terminal 36 were 

so joined by threaded engagement in this example, so that deterioration of the joining portions due to heat and 
the corrosive gas could be prevented to improve the reliability and durability of the heater. 

What is very important in this case is the use of the block-shaped (columnar, in this embodiment) terminals 
and not the wire-shaped terminals as in the cases of prior heaters, e.g., heaters for heating glow plugs. By the 
provision of the block-shaped terminals, the exposed end surface 35 can have a round shape as well as a large 

55 surface area and can be provided with a female thread for use as a terminal. For example, when a threading 
method is adopted as in . this embodiment, the exposed end surface 35 may have a diameter of, e.g., 5 mm 
and the columnar body 31a may have a diameter of, e.g ., 8 mm. The caulking portion 31 b may have a thin-walled 
tubular shape before the caulking of, e.g., an outer diameter of 3 mm, an inner diameter of 2 mm, and a length 
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of 3 nun, and is connected to a resistive wire made of tungsten having a diameter of, e.g., 0.4 mm. By the use 
of the block-shaped terminals, the heat resistant and corrosion resistant connection of the electrodes was 
realized. 

5 Example 12 

Next, what is important is the constitution of the block-shaped terminal 31 from a high melting point metal 
having a CTE larger than CTE of the ceramic substrate 4. The reasons thereof will be explained below. 

The inventors actually produced the ceramic heaters 2 as shown in Figs. 19-24. In this case, the substrate 
10 4 was made of aluminum nitride, and the heat-generating resistive body 5 was a spirally wounded wire of tung- 
sten of a diameter of 0.4 mm. The body portion of the block-shaped terminal 31 was made of tungsten and has 
a columnar shape of a diameter of 5 mm and a length of 8 mm. However, if the block-shaped terminal 31 was 
embedded in a desired position of the press-formed body destined for the ceramic substrate 4 and the press- 
formed body was fired, cracks were found to occur around the block-shaped terminal 31 at the time of cooling 
is the fired press-formed body. 

Particularly, when the block-shaped terminal 31 was seen by a cross-sectional view taken along the lon- 
gitudinal direction, the cracks 39 were found to have formed at the portions where the outline of the configuration 
of the block-shaped terminal 31 was bent, as shown in Fig. 25. Also, when viewed the heater from the rear 
side in plan view, the cracks 39 were found to extend from the outer circumferential periphery of the block-sha- 
20 ped terminal 31 which is round in plan view to the outer direction of the round periphery. However, such cracks 
were not found to form around the heat-generating resistive body 5. 

Therefore, the inventors made further researches and experiments to find out that the cracks do not occur 
in the block-shaped terminal 31 if the CTE of the high melting point metal constituting the block-shaped terminal 
31 is higher than the CTE of aluminum nitride. This fact is considered due to a relation between the extent of 
25 the thermal shrinkage of the ceramic substrate 4 and that of the block-shaped terminal 31 after the firing. 

The inventors made further researches and studies on a reason why the cracks are not formed around the 
heat-generating resistive body 5. As a result, the inventors have found out that the crack is not formed if the 
embedded columnar body has a diameter of not more than 2.0 mm, even if the CTE of the high melting point 
metal constituting the block-shaped terminal 31 is smaller than the CTE of aluminum nitride. The diameter of 
30 the heat-generating resistive body 5 is 0.4 mm in the above example, and preferably 0.8 mm usually. In this 
way, a crack is not formed around the heat-generating resistive body 5, if the embedded columnar body has 
a diameter of not more than 2.0 mm. This fact that the size of the embedded body has an influence over the 
formation of the cracks was quite surprising and the reason thereof is not yet found. 

The inventors ascertained on formation of the cracks when various sizes and materials of the terminal body 
35 was respectively embedded in the heat-generating resistive body 5. The experimental results are shown below. 

Each body to be embedded in the heat-generating resistive body respectively having a material, a shape 
and a size as shown below was embedded in a press-formed aluminum nitride sintered body added with 5 wt% 
of Y 2 0 3 , fired at 1 ,900°C for 2 hrs, and left cool to ascertain formation of the cracks. 

40 
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50 



55 
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Table 4 



No. 


Material 


Shape 


Size (mm) 


1 


W 


Coil-shaped wire 


diameter 0.4 


2 


* 


■ 


diameter 1.0 


3 


• 


block-shaped terminal 31 


diameter 3.0, length 5 


4 


■ 


* 


diameter 5.0, length 8 


5 


Mo 




■ a 


6 


Nb 




■ M 


7 


Ta 




• » 


8 


Re 




H N 


9 


Rh 




■ m 


10 


Ir 




m w 


11 


Os 




m m 



In sample Nos. 3-1 1, the values shown In the size column are the sizes of the columnar body 31a among 
30 the block-shaped terminal 31. 

In the above experiments, the cracks were not formed and insufficient cohesion of the embedded body and 
the aluminum nitride did not occur in sample Nos. 1, 2, 5, 7, 8, 10 and 1 1. In sample No. 3, a minute crack was 
formed on the substrate. This is because the columnar body 31a had a diameter of 3.0 mm, so that a somewhat 
smaller CTE of the tungsten than that of the ceramic substrate affected an adverse influence. In sample No. 
35 4, a crack was formed, tn sample Nos. 6 and 9 wherein niobium and rhodium was respectively used, insufficient 
cohesion between the columnar body and the ceramic substrate was clearly seen. 

Even in sample No. 5. a certain gap was ascertained between the columnar body of molybdenum and the 
aluminum nitride when observed under a microscope. Hence, an alloy consisting of 20% of molybdenum and 
80% of tungsten was prepared next, and the alloy was used to prepare a columnar body of a length of 8 mm 
40 and a diameter of 5.0 mm. The alloy had a linear CTE of 4.95x1 0-*/°C. In this case, a gap was not observed 
between the columnar body of the alloy and the aluminum nitride. 

tn sample Nos. 6 and 9, breakage of the connection were seen between the block-shaped terminal 31 and 
the coil-shaped wire (namely, the heat-generating resistive body 5) connected thereto. On the other hand, if 
the columnar body was formed from the alloy consisting of 20% of molybdenum and 80% of tungsten, insuffi- 
45 ciency and breakage, eta, of the electrical connection were not formed at all, even when the columnar body 
was subjected to an endurance test consisting of 1 ,000 cycles of a repetition of a cycle of temperature elevation 
from room temperature to 1,000°C, holding thereat for 1 hr, and temperature lowering to room temperature. 

The high melting point metals as illustrated in the above Table 4 can also be used as a material of the he- 
at-generating resistive body 5, respectively. However, the cracks were not formed on the ceramic substrate 4 
so even when the heat-generating resistive body 5 was made of tungsten, if the heat-generating resistive body 5 
had a diameter of not more than 2.0 mm. Therefore, the heat-generating resistive body 5 is more preferably 
made of tungsten, so far as it has a diameter of within this range. For instance, if the heat-generating resistive 
body 5 is made of, e.g., molybdenum, there arises a danger that metal grains are developed in the heat-generat- 
ing resistive body 5 to make the heat-generating resistive body 5 brittle and hence cause breakage of the con- 
55 nection thereof between the block-shaped terminal. 

Next, what is important is the constitution of the block-shaped terminal 31 from a high melting point metal 
having a CTE larger than CTE of the ceramic substrate 4. The reasons thereof will be explained below. 

Next, advantageous effects resulting from the specific shape of the block-shaped terminal 31 used in the 
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embodiments as shown in Figs. 19-24 will be explained below. 

As described in the foregoing explanations, one of the block-shaped terminals 31 has a larger CTE than 
that of the ceramic substrate 4. Therefore, the extent of shrinkage of the block-shaped terminals 31 is larger 
than the extent of shrinkage of the ceramic substrate 4. Therefore, there sometimes occur a situation that a 

5 some gap is formed between the terminal body 31a and the ceramic substrate 4. In such a case, there arise 
little problem if the block-shaped terminals 31 is made of a Mo-W alloy, etc. However, there can occur a danger 
that the block-shaped terminals 31 is fallen away, when the gap between the terminal body 31a and the ceramic 
substrate 4 is large and the press contacted portion 31 b is not provided. Regarding this point in this embodiment, 
the terminal body 31a is fixedly engaged within the ceramic substrate 4 by means of the press contacted portion 

10 31b, so that there is no afraid of the block-shaped terminals 31 being fallen away. 

If the press contacted portion 31 b is not provided, a gap is formed between the terminal body 31a and the 
ceramic substrate 4 as described above and the block-shaped terminals 31 is swayed, when the difference of 
CTE between the terminal body 31a and the ceramic substrate 4 is considerably large. The brittle heat-generat- 
ing resistive body 5 is drawn by the sway of the block-shaped terminals 31, so that there also arises a danger 

is that the brittle heat-generating resistive body 5 is broken off or severed. Moreover, there also arises a danger 
that the corrosive gas in the CVD device invades through the gap between the terminal body 31a and the 
ceramic substrate 4 to directly corrode the heat-generating resistive body 5. In such a case, the electrical con- 
ductivity between the block-shaped terminals 31 and the heat-generating resistive body 5 becomes bad. 
Regarding this point, the present invention has an important feature that a press contacted surface 38 is 

20 formed by shrinkage fit by means of firing as explained below between the block-shaped terminals 31 and the 
ceramic substrate 4 among the region between the press contacted portion 31 b and the terminal body 31a. 

Namely, at the stage of embedding the block-shaped terminals 31 in the press-formed ceramic body, the 
ceramic material to be press formed invades also between the press contacted portion 31b and the terminal 
body 31a. If the press formed body is fired, the block-shaped terminals 31 made of a heat resistant metal has 

25 a larger extent of thermal shrinkage than the extent of thermal shrinkage of the ceramic substrate 4 at the cooling 
stage after the firing, so that a compression stress as shown by the arrow is exerted to form the press contacted 
surface 38. The inventors call herein such fixing method as "firing caulking". By forming the press contacted 
surface 38 by the firing caulking in this way, the block-shaped terminals 31 are prevented from swaying. 
Moreover, the ceramic material to be press formed invades also in the space 32 in the caulking portion 

30 31b, so that a caulking surface is also formed by the firing caulking in the same manner as described above, 
which caulking surface gastightly seal the terminal body 31a from the ceramic substrate 4. Therefore, the con- 
necting portions 33 between the block-shaped terminals 31 and the heat-generating resistive body 5 are not 
exposed to the corrosive gas, so that deterioration and defect of the electrical conductivity at the connecting 
portions 33 can be prevented. 

35 Furthermore, because the extent of thermal shrinkage of the block-shaped terminals 31 is larger than that 

of the ceramic substrate 4, the caulking surface caused by the above mentioned firing caulking is always formed 
under the heat cycle used as a heater at a temperature below the firing temperature, so that the block-shaped 
terminals 31 are stable to cooling and heating cycles thereof. In order to fire the press-formed ceramic body, 
firing at atmospheric pressure may be used, however, a hot press method or a hot isostatic press method should 

40 preferably be used for eliminating the gap between the block-shaped terminals 31 and the press-formed 
ceramic body. When producing the disc-shaped ceramic substrate 4 as shown in Figs. 19-24 by the hot press 
firing, the block-shaped terminals have preferably a length of not more than 1/2 1 and the exposed end surface 
35 has a diameter of not more than 1/4 t, when taken the thickness of the disc-shaped ceramic substrate 4 as 
t The exposed end surface 35 has preferably a diameter of not less than 4 mm In order to achieve mechanical 

45 connection, such as, threading, etc., or heat-resistant and corrosion-resistant connection, such as, later des- 
cribed diffusion connection, etc. 

In the embodiment shown in Fig. 19, the connection between the block-shaped terminals 31 and the ter- 
minal 36 was effected by threading means. However, connecting means is not restricted solely to the threading 
means, and various other connecting or joining means which are stable to the cooling and heating cycle and 

so the corrosive gas can be adopted including the following connecting or joining means. 
The joining means via the high melting point joining layer are as follows. 

(1) To interpose a powder of a high melting point metal between the block-shaped terminals and the ter- 
minals at the electrode cable side and diffuse the powder therebetween to perform the joining. 

(2) To join by means of a solder. 

55 (3) To interpose and diffuse a foil to perform the joining. 

(4) To form an application layer on an end surface of the block-shaped terminals or an end surface of the 
terminals at the electrode cable side by plating, CVD, or melt spray, etc., and then perform diffusion joining 
or friction welding. 
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(5) To weld. 

(6) To connect mechanically. 

As mechanical connecting means, there are press fitting, caulking, embedding, inserting, or mechanical 
spring urging using a spring or a elastic board. 

5 The shape of the terminal body 31a of the block-shaped terminals 31 can be modified variously, for 

example, to triangular column, elliptical column, tetragonal column, or hexagonal column. As a means for joining 
the heat-generating resistive body, there are winding and welding other than the aforementioned caulking. 

In the above examples, the ceramic heater has preferably a disc-shaped for uniformly heating the disc- 
shaped wafer, however, it can have other shape, such as, tetragonal or hexagonal shape, etc. 

10 In the above examples, aluminum nitride added with an additive Y 2 Os was used. The additive may be 

changed to adjust the relation of the CTE of the aluminum nitride and the CTE of the block-shaped terminals 
so as to meet the present invention. 

Example 13 

The semiconductor wafer heating device of the other shapes and problems left will be explained in this 
example. 

In semiconductor production apparatuses requiring a super clean state, a corrosive gas, such as, a chlorine 
series gas or a fluorine series gas is used as a corrosive gas, etching gas or cleaning gas. Thus, if a conventional 

20 heater wherein the surface of the heat-generating resistive body is coated with a metal, such as, stainless steel 
or inconel, etc., Is used as a heating device for heating the wafer under a contacting state with the corrosive 
gas, undesirable particles of chlorides, oxides, or fluorides, etc., of diameters of several um are formed on the 
surface of the metal due to exposure thereof to the corrosive gas. 

Therefore, a wafer heating apparatus of an indirect heating system was developed wherein an infra red 

25 lamp is arranged at outside of the housing in which the wafer is exposed to deposition gas, etc., a window for 
permeating an infra red radiation beam therethrough is provided on the outer wall of the housing, and an in- 
fra-red radiation beam is irradiated on a heating body to be heated made of graphite, or the like good heat re- 
sistant material, etc., to heat the wafer placed on the heating body. However, the apparatuses of this heating 
system have problems in that it requires a large heat loss as compared with those of the indirect heating system, 

30 a considerable time is required for elevating the temperature, and the permeation of the infra red radiation beam 
is gradually prevented due to adhesion of the CVD film on the infra red radiation beam-permeating window to 
gradually overheat the window by the heat absorption of the window for example. 

Example 14 

35 

In order to solve such problems, the inventors have previously developed a heating apparatus as schemati- 
cally shown in Fig. 27. 

Referring to Fig. 27, reference numeral 1 is a body of the housing used in a CVD device for the production 
of semiconductors, reference numeral 2 is a disc-shaped ceramic heater attached to an inner case of 46 of the 

40 housing body 1 for heating the wafers, and reference numeral 3 is a wafer heating surface having an adjustable 
size of 4-8 inches capable of mounting a wafer thereon. A flange portion 1 3 has at its under side a ring 44 fixed 
thereto for attaching a case, and the ring 44 for attaching the case has at its under side a case 46 fixed via an 
insulative ring 45. The ring 44 for attaching a case and the ring 46 have a small gap therebetween so as not 
to allow them to contact directly with each other. 

45 The housing body 1 is supplied in its interior with a gas for thermal CVD through a gas supply hole 1 a, and 

the interior gas is evacuated from a suction hole 1b by means of a vacuum pump. The disc-shaped ceramic 
heater 2 has a heat-generating resistive body 5 made of tungsten series, etc., spirally embedded in a dense 
and gastight disc-shaped ceramic substrate 4 made of aluminum nitride sintered body. 

The disc-shaped ceramic substrate 4 has at its rear surface 37 a pair of block-shaped terminals 41 A, 41 B 

so which are connected to the heat-generating resistive body 5. The block-shaped terminals 41 A, 41 B are con- 
nected to to an end of stud-shaped electrode members 42A, 42B, respectively. Each electrode member 42A, 
42B is inserted through a throughhole of the flange portion 13 of the housing, and each electrode member 42A. 
42B and the flange portion 13 are gastightly sealed by an O-ring 12. The other end of the electrode members 
42A, 42B is connected to a lead wire 43, respectively, and a pair of the lead wire 43 is connected to an alternating 

55 current power source 48. The heat-generating resistive body 5 is supplied with an electric power through the 
pair of the lead wire 43 to heat the disc-shaped ceramic heater 2 upto a temperature of, e.g., around 1 , 1 00°C 
at the maximum. The flange portion 1 3 equipped with a cooling water jacket 1 1 covers a case 46 from the above, 
and are airtightiy sealed from the housing body 1 by means of an O-ring 12, and constitutes a ceiling wall of 
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the housing. Reference numeral 9 is a hollow sheath inserted into the interior of the housing through the wall 
of the flange portion 13 and connected to the ceramic heater 2. The hollow sheath 9 has in its interior a ther- 
mocouple 10 inserted therein equipped with a stainless steel sheath. The hollow sheath 9 and the flange portion 
13 has an Oring therebetween to prevent invasion of the air therein. 

5 However, the inventors have found out that when a such semiconductor wafer heating device is used prac- 

tically in a semiconductor production apparatus, there still occur the following problems. 

That Is, If a gas for CVD is supplied to the semiconductor production apparatus, the gas invades unavoid- 
ably behind the rear surface 37 of the heater to form a deposition film 47 on the rear surface 37 of a high tem- 
perature. The deposition fflm 47 made of a metal is electrically conductive, hence the pair of electrode members 

10 42A, 42B are short-circuited to each other, so that the ceramic heater can not be used any more. 

The inventors produced the electrode members 42A, 42B from a corrosion-resistant metal, such as, molyb- 
denum, etc. However, the inventors have found out that, if the heating device is used for long time in a semi- 
conductor production apparatus using an etching gas, corrosion of the electrode members 42A, 42B are 
progressed sometimes to deteriorate the property of the ceramic heater 2. 

15 Also, there remains a problem on the thermocouple 10. At first, a reason of the provision of the hollow 

sheath 9 will be explained. According to researches of the inventors, particularly in case of in vacuum, it was 
found out that gas molecules around the thermocouple 1 0 behave as if they are in a viscous region at a vacuum 
state of atmospheric pressure 1 Torr, however, they behave as if they are in a molecule region with increase 
of the extent of vacuum and accompanying thereto the mode of heat transfer around the thermocouple 10 is 

20 widely changed to cause exact measurement of the temperature impossible. It has been also found out that 
even in the viscous region an error of measurement of temperature exists rf fluctuation of the pressure is large, 
in order to prevent such a problem, the inventors accommodated the thermocouple 10 in a hollow sheath 9. 
The hollow sheath 9 was constituted from a high melting point metal, such as, molybdenum, etc. However, the 
inventors have found out that in a semiconductor production apparatus mixed contacting and induction occur 

25 sometimes to decrease the accuracy of measuring the temperature, because a high frequency power source 
or a high voltage power source is used in the semiconductor production apparatus. 

Example 15 

30 An embodiment of such semiconductor wafer heating device using a tubular body will be explained in this 

example. 

Referring to Fig. 28, a schematic cross-sectional view of an embodiment of the heating device of the present 
invention attached to the housing is shown and Fig. 29 is an enlarged cross-sectional view of a main portion 
of Fig. 28. In the Figures, the same reference numerals with those of Fig. 27 indicate the same members with 
35 those of Fig. 27 and explanations thereof are sometimes omitted. 

At first, cylindrical bodies 50A, 50B, and 50C are prepared. Each cylindrical bodies 50A, SOB, and 50C has 
a ring-shaped flange portion 51 at the bottom thereof. Material and production method thereof will be explained 
below. 

The bottom of the cylindrical bodies 50A, 50B, and 50C are joined to a rear surface 37 of the heater and 
40 integrally joined to the disc-shaped ceramic substrate 4. In this embodiment the flange portion 13 has round 
throughholes at three portions through which each cylindrical body 50A, SOB, or 50C is inserted, respectively. 
The upper end surface of each cylindrical body 50A, 50B, and 50C is exposed to the exterior of the housing 
and the space in the interior of each cylindrical body 50A, 50B, and 50C is occupied by an atmosphere outside 
of the housing. The end portion of each cylindrical body 50A, SOB, and 50C is gastightly sealed from the ceramic 
45 substrate 4, and each cylindrical body 50A, 50B, and 50C is gastightly sealed electrically insulated from the 
flange 13 by an Oring 12. 

Each electrode member 42A, 42B is connected to the block-shaped terminal 41 A, 41 B, respectively. A 
method of the connection will be explained later. In the space in the interior of the cylindrical body 50A is fixed 
the electrode member 42A, and in the space in the interior of the cylindrical body 50B is fixed the electrode 
so member 42B. In this embodiment, a hollow sheath 9 having a thermocouple 10 inserted therein is used as a 
temperature-measuring device and the hollow sheath 9 is fixed in the space in the interior of the cylindrical body 
50C. By this arrangement, the pair of the electrode member 42A, 42B, the pair of the block-shaped terminal 
41 A, 41 B, and the hollow sheath 9 are exposed to the atmosphere exterior of the housing. 

According to this embodiment, even if an electrically conductive deposition film 47 is formed on the rear 
55 surface of the heater 37, the deposition film 47 is interrupted by the cylindrical bodies 50A, 50B, so that the 
electrode members 42A, 42B are prevented from short-circuiting. Also, the electrode members 42A, 42B are 
liberated from afraids of discharge and leakage between the housing. Moreover, the electrode members 42A, 
42B are not exposed to the space in the interior of the housing, the corrosion of the electrode members 42A, 
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42B and the block-shaped terminals 41 A, 41 B and the accompanying contamination in the interior of the hous- 
ing do not occur. 

Furthermore, the electrode members 42A, 42B are not exposed to the corrosive gas, so that the necessity 

of selecting tungsten having a small coefficient of diffusion to the semiconductor wafer as the material of the 
5 electrode members 42A, 42B can be obviated. As a result, the electrode members 42A, 42B can be formed of 

a material other than tungsten. 

Moreover, the hollow sheath 9 made of molybdenum, etc., is not exposed to the space in the interior of the 

housing, so that the possibility is eliminated of being contaminated by such a heavy metal. Also, the ther- 
mocouple 1 0 in the hollow sheath 9 can be insulated by the cylindrical body 50C made of an inorganic insulative 
10 material. As a result, mixed contacting and induction due to a high frequency power source or a high voltage 

power source used in a semiconductor production apparatus can be prevented, so that measurements of more 

accurate temperature became possible. 

Furthermore, the cylindrical bodies 50A, 50B, and 50C have at their tower ends a ring-shaped flange portion 

51, respectively, so that the rear surface 37 of the ceramic substrate 4 and the cylindrical bodies 50A, 50B, 
15 and 50C can have a large contacting surface area to achieve a sufficient joining force therebetween. 

The sealing between the flange portion 13 of the housing and each cylindrical body 50A, 50B, and 50C 

can be performed by a metal packing, etc., other than the O-ring shown in Fig. 28. 

The wafer-heating surface 3 is preferably a smooth and flat surface. Particularly, when the wafer is directly 

set or placed on the wafer-heating surface 3, it should have a smoothness of not more than 500 um so as to 
20 efficiently heat that plate shaped wafer. 

As the heat-generating resistive body 5, tungsten, molybdenum, or platinum, etc., having a high melting 

point and a high coherent property to the ceramic substrate is suitably used. 

As the material of the cylindrical bodies 50A, 50B, and 50C, a dense ceramic is preferable. Particularly, if 

an aluminum nitride sintered body same as the disc-shaped ceramic substrate 4 is used as the material, the 
25 cylindrical bodies and the ceramic substrate 4 have no difference in thermal expansion therebetween, so that 

the residual stress in the joining portion after joining the both can be decreased. Therefore, reliability of the 

joining force between the both can be improved. 

The joining between the cylindrical bodies 50A, 50B, and 50C and the disc-shaped ceramic substrate 4 is 

performed by the following way. 
30 (1) In sintering a press-formed body for the ceramic heater 2 at atmospheric pressure or under hot press, 

the block-shaped terminals 41 A, 41 B and the heat-generating resistive body 5 are preliminarily embedded 
in the press-formed body. Thereafter, cylindrical bodies are prepared by injection molding, extrusion form- 
ing, press forming, or hydrostatic press forming, and sintered at atmospheric pressure to produce the cylin- 
drical bodies 50A, 50B, and 50C. Each cylindrical body 50A, 50B, and 50C is gastightfy joined to the 
35 disc-shaped ceramic substrate 4 at a desired position. As a joining method in this case, a soldering using 

a titanium vapor deposited gold solder, or a titanium vapor deposited silver solder, etc., or a glass joining 
is preferable. Particularly, the joining portion has preferably a sufficiently high transition temperature, so 
that a quartz glass or a hydroxy nitride glass is preferably used for the glass joining. 
(2) A press-formed body for the ceramic heater 2 and press-formed bodies for the cylindrical bodies 50A, 
40 50B, and 50C are separately formed by injection molding, extrusion forming, press forming, or hydrostatic 

press forming, etc. These press-formed bodies are sintered at atmospheric pressure under fitting of a di- 
mensional allowance of 1/1 00 - 1 0 mm or sintered under pressure of sufficiently pressing the press-formed 
body for the ceramic heater to the press-formed bodies for the tubular bodies. 

45 Example 16 

Another embodiment of the semiconductor-heating device using the cylindrical bodies will be explained in 
this example. 

Referring to Fig. 30, a state of another embodiment of the heating device of the present invention attached 
so to a semiconductor-production apparatus is shown in a schematic cross-sectional view. The same reference 
numerals as shown in Fig. 27 are indicated by the same reference numerals and explanations thereof are some- 
times omitted. 

In this embodiment, one electrode member 42A was not protected by the cylindrical body, while the other 
electrode member 42B was protected by the cylindrical body 50B. The electrode members 42A, 42B were con- 
55 nected to a coil 53 through a lead wire 43, respectively, while an alternating current power source 48 was con- 
nected to a coil 54 through the lead wire 43. The coils 53 and 54 were opposingly disposed to form a double 
wound type insulative transformer 55. An electric power was supplied.from an electric power source to the he- 
at-generating resistive body 5 through the insulative transformer 55. 
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In the insulativa transformer 55, the electrode members 42A, 42B of the secondary side were arranged in 
a floating state relative to the alternating current power source 48 of the primary side. The housing body 1 was 
connected to the earth. 

According to this embodiment, the electrode member 42B was protected and insulated by the cylindrical 
5 body 50B, so that short-circuiting and leakage did not occur between the electrode members 42A and 42B. 
Also, when the deposited film 47 was formed between the electrode member 42A and the case 46 or the flange 
portion 13, short-circuiting thereof to the earth did not occur. 

Using the heating device of Figs. 28 and 30, 1,000 sheets of silicon wafer were subjected to thermal CVD 
treatment. Used alternating current voltage of the alternating current power source was 200 volts. As the mate- 
to rials of the disc-shaped ceramic substrate 4 and the tubular bodies 50A, 50B, and 50C, aluminum nitride sin- 
tered bodies were used. As the materials of the heat-generating resistive body 5, the block-shaped terminals 
41 A, 41 B and the electrode members 42A and 42B, tungsten was used. As a result, current leakage from the 
electrode members 42A and 42B was not observed. 

15 Example 17 

Referring to Fig. 31, a state of still another embodiment of the heating device of the present invention at- 
tached to the housing of a semiconductor-production apparatus is shown in a cross-sectional view. Fig. 32 is 
a partial enlarged view of Fig. 31 . The same reference numerals as shown in Fig. 28 are indicated by the same 

20 reference numerals and explanations thereof are sometimes omitted. 

In this embodiment, the hollow sheath 9 was omitted from the device of Fig. 28. A thin elongated insertion 
hole 56 opening at the rear surface 37 of the ceramic substrate 4 was provided and the distal end of the ther- 
mocouple 10 was inserted in the insertion hole 56. However, the distal end of the thermocouple 10 was not 
fixed in the insertion hole 56 with a glass, etc., in this embodiment. Also, the thermocouple 1 0 perse was used 

25 as the temperature-measuring device. 

According to this embodiment, the following effects can be achieved in addition to the above effects. 
Namely, in this embodiment also, the thermocouple 10 can be insulated by the tubular body 50C made of an 
inorganic insulative material. Therefore, in this embodiment also, mixed contacting and induction resulting from 
the use of a high frequency power source or a high voltage power source can be prevented. 

30 Also in this embodiment the thermocouple 1 0 is separated from the atmosphere in the housing by the tubu- 

lar body 50C. Therefore, even when the pressure of the atmosphere in the housing is rapidly fluctuated as de- 
scribed above, the measuring value by the thermocouple 10 is not influenced by the rapid fluctuation of the 
pressure. 

Moreover, when compared the embodiment of Fig. 31 with the embodiment of Figs. 28 and 30, a more ac- 
35 curate measuring temperature exactly reflecting an actual value can be obtained, because of the absence of 
the intervening hollow sheath 9 between the thermocouple 1 0 and the ceramic substrate 4. Because the sealing 
of the distal end of the hollow sheath 9 to form a tubular shape is a considerably difficult processing, the pro- 
cessing becomes a cause of the production efficiency. If the heating device is constructed to omit the hollow 
sheath 9, such considerably difficult processing can be dispensed with, so that the production efficiency can 
40 be improved. 

Example 18 

Referring to Fig. 33, a state of still further embodiment of the heating device of the present invention at- 
46 tached to the housing of a semiconductor-production apparatus is shown in a cross-sectional view. The same 
reference numerals as shown in Figs. 27 and 31 are indicated by the same reference numerals and explanations 
thereof are sometimes omitted. 

In this embodiment, the distal end of the thermocouple 10 was inserted in the insertion hole 56 and enclosed 
by the cylindrical body 50C to separate from the atmosphere in the housing. Therefore, with respect to this por- 
50 tion, the same effects as those of the embodiment of Figs. 31 and 32 could be obtained. 

Example 19 

Next, the cylindrical body 50C enclosing the thermocouple 10 as shown In Figs. 31-33 was actually Joined 
55 to the ceramic substrate 4. 

That is, at first, an elongated columnar shaped insertion hole 56 opening to the rear surface 37 was formed 
at a desired portion of the disc-shaped ceramic substrate 4. The insertion hole 56 had a diameter of 3 mm and 
a depth of 12 mm. Both the ceramic substrate 4 and the cylindrical body 50C were formed of aluminum nitride 
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sintered bodies and the heat-generating resistive body 5 was formed of tungsten. The cylindrical body 50C had 
an inner diameter of 6 mm and an outer diameter of 9 mm and a flange portion 51 thereof had an outer diameter 
of 15 mm. The tubular body 50C was joined to the ceramic substrate 4 by means of a glass. 

However, in this case, at first, both the portions of the cylindrical body 50C and the rear surface 37 to be 

5 joined were worked by grinding to a surface roughness of not more than 0.8 s. In the meantime, a powder for 
a glass was prepared having the following components: 
SiOjSO wt% Ni 3 N4:1 0 wt% AI 2 O 3 :30 wt% Y 2 O 3 :30 wt% 

The powder was mixed, added with a binder, dispersed, and formed into a tape shape. Then, the tape was 
severed in such a shape to meet the shape of the joining surface of the flange portion 51 and the tape 60 after 

10 the severing was sandwiched between the rear surface 37 and the joining surface of the flange portion 51 . The 
center line of the cylindrical body 50C was substantially positioned to the center of the insertion hole 56 and a 
weight 58 was mounted on the upper end surface of the cylindrical body 50C. The ceramic heater of this state 
was put in an electric furnace and heat treated in nitrogen atmosphere at 1,500°C for 1 hr to join the tubular 
body 50C to the ceramic substrate 4. 

15 Thereafter, insulation property thereof was ascertained. As a result, insulation property was ascertained 

of a resistance of at least 1 Mft at a direct current of 500 M V and an alternating current withstanding voltage 
of at least 1 kVat800°C. 

Though in the embodiments shown in Figs. 27-34 the treatment was effected by directing the wafer-heating 
surface downwards and supporting the wafer from downward by not shown pins, the wafer-heating surface may 

20 be directed to upwards. Also, in the embodiments shown in Figs. 27-34 the heating device of the present in- 
vention was attached to the wall surface at the ceiling side of the housing, it may be attached to the wall surface 
at the ceiling side or the side wall of the housing. The ceramic heater has preferably a disc-shape for uniformly 
heating the round wafer, however, may have an other shape, such as, tetragonal or hexagonal shape, etc. 
The tubular body can have tetragonal or hexagonal columnar shape other than the aforedescribed cylin- 

25 drical bodies 50A, 50B, and 50C. The elongated electrode member can have an other shape, such as, tetra- 
gonal, hexagonal, cylindrical or woven wire shape, etc., other than the aforedescribed rod-shaped electrode 
members 42A, 42B. 

The heating device of the present invention is applicable also plasma etching apparatuses, and photoetch- 
ing apparatuses, etc. 

30 Although the present invention has been explained with specific examples and numeral values, it will of 

course apparent to those skilled in the art that various modifications and changes can be made without depart- 
ing from the broad spirit and aspect of the present invention as defined in the appended claims. 



35 Claims 

1. A corrosion-resistant member to be exposed to a halogen series corrosive gas, comprising an aluminum 
nitride as a substrate. 

40 2. The corrosion-resistant member of claim 1 for use in a semiconductor production apparatus, which is to 
be exposed to the halogen series corrosive gas in the semiconductor production apparatus. 

3. The corrosion-resistant member of claim 2, wherein the corrosion resistant member is a susceptor for heat- 
ing a semiconductor wafer, a surface of which is heat generated by heating of an infra-red radiation lamp 

45 to heat the semiconductor wafer placed on the heat-generating surface. 

4. The corrosion-resistant member of claim 2, wherein the corrosion resistant member is a susceptor for heat- 
ing a semiconductor wafer which is placed in a heat-generating surface of a disc-shaped ceramic heater 
comprising a heat-generating resistive body embedded in a disc-shaped ceramic substrate. 

50 5. The corrosion-resistant member of claim 2, wherein the corrosion-resistant member is an electrostatic 
chuck having a structure comprising a disc-shaped aluminum nitride sintered body and at least a film-sha- 
ped inner electrode embedded therein. 

6. The corrosion-resistant member of claim 2, wherein the corros ion-resistant member is for heating a semi- 
55 conductor wafer and which Is to be exposed to a film-forming gas consisting of a halogen series corrosive 

gas at a film-forming temperature of 300-1, 100°C in a CVD device for producing the semiconductor. 

7. The corrosion-resistant member of claim 2, wherein the corrosion-resistant member is for heating a semi- 
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conductor wafer and which is to be exposed to a film-forming gas at a film-forming temperature of 30O- 
1 ,1 00°C In a CVD device for producing semiconductor and which is to be exposed after the film formation 
to a cleaning gas consisting of a halogen series corrosive gas at a temperature of not less than 300°C 
and not more than the above film-forming temperature. 

8. The corrosion-resistant member of claim 2, wherein the corrosion resistant member is a heater for heating 
a semiconductor wafer consisting of an aluminum nitride sintered body and a heat-generating resistant 
body made of a heat-resistant metal embedded therein. 

9. A ceramic heater, comprising a ceramic substrate made of a dense aluminum nitride sintered body, a he- 
at-generating resistive body made of a heat-resistant metal embedded in the interior of the ceramic sub- 
strate, and a block-shaped terminal electrically connected to the heat-generating resistive body and 
embedded in the ceramic substrate so as to expose the end surface thereof from the ceramic substrate, 
the block-shaped terminal being formed of a heat-resistant metal having a coefficient of thermal expansion 
of not less than the coefficient of thermal expansion of the ceramic substrate. 

10. The ceramic heater of claim 9, wherein the heat-resistant metal of the block-shaped terminal is selected 
from the group consisting of molybdenum, niobium, tantalum, rhenium, rhodium, iridium and osmium. 

11. The ceramic heater of claim 9, wherein the heat-resistant metal of the block-shaped terminal is an alloy 
20 of tungsten and a metal selected from the group consisting of molybdenum, niobium, tantalum, rhenium, 

rhodium, iridium and osmium. 

12. The ceramic heater of claim 9, wherein the block-shaped terminal has a diameter of not less than 2.0 mm. 

25 13. The ceramic heater of claim 9, wherein the heat-generating resistive member is made of a heat-resistant 
metal having a coefficient of thermal expansion smaller than a coefficient of thermal expansion of the 
ceramic substrate. 

14. The ceramic heater of claim 1 3, wherein the heat-generating resistive body is substantially made of tung- 
30 sten. 

15. The ceramic heater of claim 13, wherein the heat-generating resistive body has a diameter of not more 
than 2.0 mm. 

16. The ceramic heater of claim 9, wherein the block-shaped terminal is fixed by caulking to the ceramic sub- 
^ strata by a compression stress exerted on the block-shaped terminal caused by thermal shrinkage of the 

ceramic substrate after the firing. 

17. A semiconductor wafer heating device, comprising a ceramic heater consisting of a ceramic substrate 
made of an aluminum nitride sintered body, a heat-generating resistive body made of a heat-resistant met- 

40 al embedded in the ceramic substrate, and a plurality of terminal connected to the heat-generating resistive 

body and exposed to a surface other than a wafer-heating surface of the ceramic substrate; a retaining 
member arranged in a housing of the heating device for retaining the ceramic heater an elongated elec- 
trode member one end of which is connected to the terminal; a lead wire connected to the other end of 
the elongated electrode terminal; and a tubular body made of an inorganic insulative material enclosing 

45 at least one of the electrode member, an end of the tubular body being gastightly joined to the ceramic 

substrate, the tubular body being inserted through a throughhole of the housing, and the housing and the 
tubular body being gastightly sealed from each other. 

18. The semiconductor wafer heating device of claim 17, wherein the tubular body has a flange portion at its 
so end, and the flange portion is joined to the ceramic substrate. 

19. The semiconductor wafer heating device of claim 17, wherein the tubular body is made of an aluminum 
nitride sintered body. 

55 20. A semiconductor wafer heating device, comprising; a ceramic heater consisting of a ceramic substrate 
made of an aluminum nitride sintered body, a heat-generating resistive body made of a heat-resistant met- 
al embedded in the ceramic substrate, and a plurality of terminal connected to the heat-generating resistive 
body and exposed to a surface other than a wafer heating surface of the ceramic substrate; a retaining 
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member arranged in a housing of the heating device for retaining the ceramic heater; a temperature- 
measuring device one end of which is inserted in the ceramic substrate; and a tubular body made of an 
inorganic insulative materia] enclosing the temperature-measuring device, and an end of the tubular body 
being joined to the ceramic substrate, the tubular body being inserted through a throughhde of the hous- 
5 ing, and the housing and the tubular body being gastightly sealed from each other. 

21. The semiconductor wafer heating device of claim 20, wherein the temperature-measuring device consists 
of a hollow sheath having a thermocouple inserted therein, and the hollow sheath is enclosed by the tubular 
body. 
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FIG. I 




26 



EP 0 506 391 A1 



FIG. 2 
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